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Abstract
Background: Electronic (eHealth) and mobile (mHealth) health interventions can provide a large coverage, and are
promising tools to change health behavior (i.e. physical activity, sedentary behavior and healthy eating). However,
the determinants of intervention effectiveness in primary prevention has not been explored yet. Therefore, the
objectives of this umbrella review were to evaluate intervention effectiveness, to explore the impact of pre-defined
determinants of effectiveness (i.e. theoretical foundations, behavior change techniques, social contexts or just-in-
time adaptive interventions), and to provide recommendations for future research and practice in the field of
primary prevention delivered via e/mHealth technology.
Methods: PubMed, Scopus, Web of Science and the Cochrane Library were searched for systematic reviews and
meta-analyses (reviews) published between January 1990 and May 2020. Reviews reporting on e/mHealth behavior
change interventions in physical activity, sedentary behavior and/or healthy eating for healthy subjects (i.e. subjects
without physical or physiological morbidities which would influence the realization of behaviors targeted by the
respective interventions) were included if they also investigated respective theoretical foundations, behavior change
techniques, social contexts or just-in-time adaptive interventions. Included studies were ranked concerning their
methodological quality and qualitatively synthesized.
Results: The systematic search revealed 11 systematic reviews and meta-analyses of moderate quality. The majority
of original research studies within the reviews found e/mHealth interventions to be effective, but the results
showed a high heterogeneity concerning assessment methods and outcomes, making them difficult to compare.
Whereas theoretical foundation and behavior change techniques were suggested to be potential positive
determinants of effective interventions, the impact of social context remains unclear. None of the reviews included
just-in-time adaptive interventions.
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Conclusion: Findings of this umbrella review support the use of e/mHealth to enhance physical activity and
healthy eating and reduce sedentary behavior. The general lack of precise reporting and comparison of
confounding variables in reviews and original research studies as well as the limited number of reviews for each
health behavior constrains the generalization and interpretation of results. Further research is needed on study-level
to investigate effects of versatile determinants of e/mHealth efficiency, using a theoretical foundation and
additionally explore the impact of social contexts and more sophisticated approaches like just-in-time adaptive
interventions.
Trial registration: The protocol for this umbrella review was a priori registered with PROSPERO: CRD42020147902.
Keywords: Telemedicine, Health behavior, Primary prevention, Exercise, Sedentary behavior, Food and nutrition,
Umbrella review, Psychology social, Just-in-time adaptive intervention, Psychological theory
Background
Physical activity (PA), a reduction of sedentary behavior
(SB) and healthy eating (i.e. enhanced fruit and vegetable
intake (FVI), reduced sugar and saturated fat intake
among others) (HE) are key strategies in the primary
prevention of noncommunicable diseases like cardiovas-
cular diseases, diabetes, cancer and obesity, which were
responsible for 41 million deaths worldwide in 2016 [1].
Despite this knowledge, the levels of PA and HE are
often insufficient in our modern society throughout all
age groups [2–6], while SB, such as excessive sitting dur-
ing worktime (e.g. deskwork) and during leisure time
(e.g. watching television), increased over the past years
[7, 8]. As a result, guidelines concerning PA, SB and HE
are put into place, but the sole presence of these recom-
mendations is not sufficient to change health behavior
and to reduce the financial and health burden worldwide
[9]. Working towards achieving these guidelines is im-
portant throughout all stages of life and can be seen as a
long-term investment which seems to be easier to
achieve for healthy people since obesity or other morbid-
ities add further barriers which restrict engagement in
healthy behaviors [10]. Focusing on primary prevention
in healthy participants can therefore be a sustainable
way to reduce the prevalence of noncommunicable dis-
eases. One promising strategy for primary care preven-
tion might be the usage of electronic (eHealth) and
mobile (mHealth) health interventions. eHealth inter-
ventions comprise “the use of information and commu-
nication technologies for health” [11], while mHealth
interventions refer to “medical and public health practice
supported by mobile devices, such as mobile phones, pa-
tient monitoring devices, personal digital assistants, and
other wireless devices” [12]. With 4.5 billion active inter-
net users in 2020 worldwide [13], the potential coverage
of e/mHealth tools coupled with intuitive and autono-
mous control of the device by the end user hold great
promise. This is especially true for the younger and digital
native generations who are known to interact frequently
with e/mHealth [14]. For the establishment of e/mHealth
in primary prevention, several methodological issues such
as the need for accurate and validated measuring tools for
a better comparison of different e/mHealth approaches
and dose/response relationship for interventions require
further investigation [15].
Theoretical foundation of interventions, as depicted by
behavior change theories (e.g. self-determination theory
[16], theory of planned behavior [17], transtheoretical
model [18] or social cognitive theory [19]), and by behav-
ior change techniques (BCTs) [20, 21] were shown to be
important facets for intervention effectiveness [22, 23].
Additionally, health behaviors are usually linked to social
contexts and affected by social relations [24]. Thus, facets
like information about and interacting with other users or
peers [25] might also have an important impact on inter-
vention effectiveness and might help to sustain successful
behavior change [26]. This has been especially true for ad-
olescents as their sufficient level of PA, SB and HE
strongly depend on their families, schools and peers [27].
Therefore, the integration and documentation of social
contexts is important to assess the influence on and en-
hance the effectiveness of sustainable health behavior
change. Furthermore, individual tailoring based on theor-
etical constructs was shown to be positively associated
with effective interventions [25]. Delivering these interven-
tions during the most promising time for the desired be-
havior (e.g. PA and HE) or during the most vulnerable
time for unhealthy behavior (e.g. SB), implementation of
the so called just-in-time (adaptive) intervention (JITAI)
[28, 29] and ecological momentary intervention (EMI)
[30] are promising new approaches for effective e/
mHealth interventions. With the development of new
generations of a variety of sensors [28] and the integration
of machine learning approaches [31], the advances in indi-
vidual tailoring are rapidly evolving and appear to be aus-
picious facets to implement in behavior change
interventions.
Existing umbrella reviews concerning mHealth in gen-
eral revealed only limited evidence to be effective to
change a variety of behaviors [32], while the use of text
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messages has shown effectiveness for several health out-
comes [33]. There is an abundance of mHealth interven-
tions for diabetes which led to clinically relevant
improvements [34, 35]. Existing umbrella reviews in the
area of digital behavior change interventions expressed
the need to examine the key contents of effective inter-
ventions in different settings (e.g. home, work or school
based interventions) [36], and to consider various facets
for an effective implementation [37]. An overview of effi-
cient intervention components has only been composed
for non-e/mHealth interventions promoting PA, SB
and HE [38–41]. Key determinants of effectiveness in
these overviews were the use of theoretical founda-
tions [38, 40, 41], BCTs [40], social contexts [38–41]
and using prompts and feedback [38, 40, 41]. Taken to-
gether, there is a research gap for e/mHealth interventions
concerning facets of effectiveness with a focus on health
behavior change in primary prevention.
In order to determine if these facets (i.e. theoretical
foundations, BCTs, social contexts, JITAIs) were incor-
porated in recent e/mHealth interventions of primary
prevention and with which magnitude they contributed
to intervention effectiveness (in addition to methodo-
logical facets), a systematic summary of research by con-
ducting an umbrella review [42] is needed.
Methods
This umbrella review was registered a priori with PROS-
PERO (International prospective register of systematic
reviews, registration number CRD42020147902). It was
conducted based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [43].
Study aim
The present umbrella review aimed to systematically
summarize the results from systematic reviews and
meta-analyses concerning the effectiveness of e/mHealth
interventions to promote PA, reduce SB and promote
HE as a primary care strategy in healthy participants.
Further, the umbrella review aims to identify the impact
of theoretical foundations, BCTs, social contexts and
JITAIs on the effectiveness of e/mHealth interventions.
Moreover, the recommendations for future research pro-
vided by the included reviews were analyzed and ex-
panded to provide an overview of needs to be addressed
in future developments of e/mHealth interventions.
Data sources and search strategy
A systematic search for reviews published in English be-
tween 01.01.1990 and 16.08.2019 was conducted using
the four databases PubMed, Scopus, Web of Science and
the Cochrane Library for systematic reviews and meta-
analyses. The search was conducted by one author and
repeated prior to submission on 20.05.2020 (JF). The
search terms were reviewed by two authors (JF, KW)
and included the following key constructs as well as nu-
merous synonyms thereof: (eHealth OR mHealth) AND
(PA OR SB OR HE) AND (theoretical foundation/BCT
OR social OR JITAI/EMI). Additionally, a forward- /
backward-search was conducted on the reference lists of
included reviews. Please see additional file 1 for detailed
search strategy of all databases.
Review selection
Following the systematic search, literature was imported
to the reference management software CITAVI 6. After
duplicates were removed, two reviewers (JF, KW) inde-
pendently examined titles and abstracts. Full texts of
relevant review articles were obtained and assessed
based on the inclusion and exclusion criteria described
below (JF, TE). Reasons for exclusion at this stage were
recorded and are displayed in the PRISMA-flow chart
(Fig. 1). Any disagreements between authors were re-
solved by consensus and/or discussion with a third au-
thor (KW or TE).
Inclusion and exclusion criteria
Inclusion and exclusion criteria were selected based on
PICOS (1. Population, 2. Intervention, 3. Comparison,
4. Outcome and 5. Study type) [43].
1. Population inclusion: Healthy participants of all
ages with no physical or physiological morbidities
including obesity (BMI > 30 kg/m2) which would
influence the realization of behaviors (i.e. PA, SB
and HE) targeted by the respective interventions. If
a review included patient groups or participants
with any physical or psychological morbidities and
provided a subgroup analysis or reported the results
for the healthy population separately, the review
was also included. Exclusion: Participants with any
physical or psychological morbidities including
obesity (BMI > 30 kg/m2), clinical settings and
studies focusing on populations, whose PA, SB or
HE was influenced by disease specific
recommendations or health status.
2. Intervention inclusion: e/mHealth interventions
where the primary outcome measure was PA (e.g.
steps, moderate, vigorous or moderate to vigorous
(MVPA)) and/or SB (e.g. sitting time, screen time)
and/or HE (e.g. FVI, fat consumption) were
selected. Exclusion: Studies without an intervention,
with no e/mHealth interventions, with mixed
interventions if e/mHealth was not analyzed
separately.
3. Comparison: Included reviews were not limited to
comparator studies.
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4. Outcome inclusion: Effectiveness for PA and/or SB
and/or HE as the main outcome. Effectiveness had
to be displayed or discussed with regard to at least
one of the following aspects: a) theoretical
foundation or BCTs, b) JITAI/EMI, c) social
context (e.g. social network, family/peer group/
school setting). Exclusion: Studies that focused on
other health outcomes like weight loss, quality of
life, or had multiple additional health behaviors not
related to PA, SB or HE (e.g. smoking, drinking) as
main outcomes. Studies without discussion/results
for any of the following: theoretical foundation or
BCTs, JITAI/EMI, or social context.
5. Study type inclusion: Systematic reviews and meta-
analyses based on the PRISMA statement.
Exclusion: Non-systematic reviews (e.g. narrative
reviews, qualitative reviews, scoping reviews).
Study quality assessment
Review quality was rated independently by one author
(JF) and a research assistant using the assessment of
multiple systematic reviews (AMSTAR) tool [44]. Any
disagreements were resolved by discussion until a com-
mon consent was found.
Data extraction
Data was extracted from the included studies by JF using
a predefined Excel sheet. Data extraction and coding
were checked by a research assistant. Any disagreements
were resolved by discussion until a common consent
was found. The following data were extracted: author
and year, type of review, aim, mHealth/eHealth tools,
country (where the included studies were conducted),
main outcomes (constructs and parameters), time period
searched and time period of included studies, included
Fig. 1 PRISMA Flow Chart of study selection process
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study designs, number of studies, number and age of
participants, intervention duration, quality of included
studies indicated by the reviews, included theory/BCT,
included social/JITAI/EMI, reported effectiveness, rec-
ommendations for future research as stated by the
authors.
Analysis
We used the term review to describe systematic reviews
and meta-analysis together, and distinguished between
the terms study and publication, since the reviews in-
cluded multiple publications about one study and thus
relate to the same sample. Due to the heterogeneity of
methods and reported values, a quantitative pooling of
data was not feasible. Descriptive data were extracted
and displayed as rounded percentage for a better com-
parison (e.g. 12/20 (55%) studies were effective). This led
to rounding errors in some cases, thus the sum of per-
centages did not always add up to 100%. A further facet
that needs consideration is that some reviews included
multiple health outcomes at a time, hence they were
mentioned repeatedly in the detailed results for PA, SB
and HE. Additionally, the total number of included pub-
lications in the reviews has been used for the results
which led to some studies being included two or three
times. Between-group effects were indicated as tempor-
ary if significant differences between the groups were
only present at one and not at all timepoints following
the intervention. Effect measures from included meta-
analyses were reported in greater detail than systematic
reviews due to the additional information provided by
the quantitative report and subgroup analyses. Standard-
ized mean differences (SMD), also known as Cohen’s d,
were classified with 0.2 as small, 0.5 as moderate, and
0.8 as large [45]. Hedge’s g was also interpreted by the
same rule of thumb. Heterogeneity was reported using
the I2 value, where values of 0 to 40% may indicate no
important, 30 to 60% indicate moderate, 50 to 90% sub-
stantial, and 75 to 100% considerable heterogeneity [46].
Due to inconsistent reporting, additional values for sig-
nificance of heterogeneity like Q and X2 were not
reported.
Results
Out of the 3895 reviews initially located and down-
loaded, 587 doublets were removed. During title and ab-
stract screening, additional 3233 studies were excluded,
with 75 studies remaining for full text screening. Sixty-
four of these articles were excluded due to above men-
tioned exclusion criteria. This resulted in a total of 11
systematic reviews and meta-analyses which were in-
cluded in this umbrella review [47–57] (for more details
see Flow-Chart in Fig. 1). The updated search located
472 additional articles which were all excluded after title
and abstract screening.
Description of the included studies
The 11 reviews included a total of 195 publications (182
studies) published between 1998 and 2018, with 167 of
these publications being included once throughout the
reviews and 13 publications being included in two or
three reviews, accounting for 28 publications.
The included original research studies were mainly
conducted in USA and Canada and Europe, and the
most common study designs were randomized control
trials (RCTs). The duration of interventions ranged from
one session to 24 months, with the majority (92%) of in-
terventions lasting at least 4 weeks. Sample sizes ranged
from 458 [51] to 73,417 participants [53] for the reviews
and added up to 114,430 participants throughout all
studies. The full details of study characteristics of articles
included in the umbrella review are displayed in Table 1.
Two reviews focused on children and adolescents [47, 56],
four focused adults [48, 49, 53, 54] and five included partici-
pants of all ages [50–52, 55, 57]. Five systematic reviews fo-
cused on PA outcomes [47, 49–51, 56], one meta-analysis
focused on SB outcomes [48], and one meta-analysis and
one systematic review included both PA and SB outcomes
[52, 53]. HE was the main outcome in two meta-analyses
[54, 55], and one systematic review included PA, SB and HE
as main outcomes [57].
Eight reviews reported the use of theoretical frame-
works [47, 49–51, 53, 54, 56, 57], and 78/125 (62%) pub-
lications in these reviews reported the use of a
theoretical foundation. The most common reported the-
ories were social cognitive theory (n = 29), transtheoreti-
cal model (n = 16), theory of planned behavior (n = 10),
self-determination theory (n = 10) and I-change model
(n = 7). Four reviews [48, 52, 53, 55] coded the use of
BCTs using a taxonomy of behavior change [20, 21] and
two reviews [47, 51] reported BCTs without coding
them. The BCTs, which were most frequently reported
by the reviews, were goal setting (n = 5), self-monitoring
(n = 4), social support (n = 4), prompts/cues (n = 4), feed-
back on the behavior (n = 3) and instruction on how to
perform the behavior (n = 2). Since the BCTs were nei-
ther coded nor reported in a comparable way by the re-
views, a more detailed summary was not feasible.
The majority of intervention studies were socially em-
bedded (111/182, 62%). School, university or college set-
tings were mentioned in 45 studies, workplace in 37
studies, home and/or community-based study popula-
tions were reported in 17 studies, while two studies re-
ported a combination of workplace and home setting. A
social media setting was mentioned in eight studies, and
supermarket and online setting in one study each. Two
reviews [56, 57] examined whether the interventions
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involved social support from the setting or solely took
place in this context. Social support through peers and/
or friendly challenges was described in six studies [57]
and parental involvement in three studies [56]. None of
the reviews reported about the use of JITAI or EMI.
Overall effectiveness
The heterogeneity of the included studies concerning
study type, outcome parameter, and assessment method
was high. Thus, the overall effectiveness reported in the
reviews is displayed in the following paragraph for
any significant differences, which were found for the
e/mHealth interventions over time or vs. a control
group. Of all included studies, 10/182 did not report
intervention effectiveness. The remaining 172 studies
found a significant benefit for the intervention group
over time and/or vs. a control group in 101/172
(59%) cases. No significant differences were found in
68/172 (40%) studies, and 3/172 (2%) resulted in a
significant deterioration of the parameter over time
and/or vs. control (see Table 1).
Effectiveness vs. control
The between group differences for the included system-
atic reviews are displayed in the following chapters and
the results of the included meta-analyses are reported in
further detail.
PA
PA (i.e. time spent in different PA intensities, step count,
PA frequency, PA goal achievement, school related PA,
and leisure time PA) was assessed by seven systematic re-
views (PA outcome in 106 studies) [47, 49–51, 53, 56, 57]
and one meta-analysis (PA outcome in 20 studies) [52].
Of the 126 studies included in these reviews, 58 studies
used device-measured outcomes, 52 used self-report (1
not validated), and 16 used a combination of both
measures.
Systematic reviews concerning PA did not report
group differences or did not use a control group in 14/
106 studies. The remaining 92 studies found significant
group differences in favor of the intervention group in
19/92 (21%) studies, temporary significant group differ-
ences in favor of the intervention group in 25/92 (27%)
studies and 49/92 (53%) showed no significant differ-
ences between the groups. One meta-analysis [52] in-
cluded participants aged from 8.4 to 71.7 years and
found no significant pooled effects using a random effect
model between the eHealth and a usual/minimal care
group for total PA (seven studies, SMD = 0.14, 95% CI
[− 0.12, 0.41]; Ι2 = 60%), MVPA (nine studies, SMD =
0.37, 95% CI [− 0.03, 0.77]; Ι2 = 78%) and measures of
walking (eight studies reporting steps/day and walking
duration/day, SMD = 0.14, 95% CI [− 0.01, 0.29]; I2 =
0%). Subgroup analysis between device-measured and
self-reported results showed no significant differences in
the eHealth group for total PA, MVPA and walking.
SB
SB (i.e. sitting time (overall and occupational), sedentary
time (overall and occupational), screen time, and com-
puter activity) was assessed by two systematic reviews
(SB outcome in 13 studies) [48, 57] and two meta-
analyses (SB outcome in 20 studies) [52, 53]. Of the 33
studies included in these reviews, 15 studies used
device-measured outcomes, 16 used self-report (one not
validated), and two used a combination of both
measures.
The systematic reviews concerning SB included 4/13
studies which did not report group differences or did
not involve a control group. The remaining nine studies
showed a significant group difference in favor of the
intervention group in 2/9 (22%) studies, 6/9 (67%) stud-
ies with no significant differences between the groups,
and 1/9 (11%) reported a significant group difference in
favor of the control group. The first meta-analysis (five
studies) [52] which included participants aged from 8.4
to 71.7 years found a significant reduction of SB in favor
of the intervention group using a random effect
model. This pooled effect was negative and small
(SMD = − 0.26, 95% CI [− 0.53, − 0.00]; I2 = 0%) with
no evidence of heterogeneity. Subgroup analysis be-
tween device-measured and self-reported results
showed no significant differences for the intervention
group in SB. The second meta-analysis on SB (15
studies) [48] included only adults (20.4 to 64.1 years)
and showed a significant pooled reduction of SB with
a substantial heterogeneity (− 41.28 min/day, 95% CI
[− 0.99, − 21.58], I2 = 77%; n = 1402) in favor of the
intervention group at the end point follow-up meas-
urement using a random effect model. Analysis for
device-measured (eight studies) results showed a sig-
nificant pooled reduction of − 35.07 min/day with a
low heterogeneity (95% CI [− 46.57, − 23.57], I2 = 21%;
n = 595), while self-reported measures (seven studies) led
to a significant reduction of − 52.66min/day with a con-
siderable heterogeneity (95% CI, [− 93.63, − 11.69], I2 =
88%; n = 807) at end point. The comparison between
device-measured and self-reported results has not been
conducted by this meta-analysis. The additional analysis
of short-term measures for overall SB (less than 3months,
10 studies) showed a significant mean reduction of −
42.42 min/day with a substantial heterogeneity (95%
CI [− 63.21, − 21.63], I2 = 61%; n = 760), the medium-
term measures (3 to 6 months, five studies) showed a
significant mean reduction of − 37.23 min/day with a
considerable heterogeneity (95% CI [− 73.70, − 0.75],
I2 = 85%; n = 691) and the long-term measures (over 6
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1) PA intervention programs for
children/adolescents with a
greater BMI z-score
2) intervention programs with a
longer period of time (≥6 months)
3) sufficiently large number of
participants (≥250)
4) bypass self-reported measurements
5) implement theoretical frameworks
and BCTs
6) follow-up beyond postintervention
7) age- and sex-specific interventions
8) engagement of children and
adolescents with wearable activity trackers























1) larger samples and more diverse
workspace settings
2) report intervention components and
outcomes in greater detail
3) SB in addition to PA, and bypass
self-report
4) no-intervention control
or a reliable baseline measurement
5) wider impact on health and
wellbeing
6) mixed and qualitative methods
7) adverse events associated with
mHealth use





















High Risk of Bias for blinding,
unclear allocation, other biases
were low for most studies






3) report intervention components
and outcomes in greater detail










Not assessed 1) no-intervention control
2) target a broader diversity of
participants
3) attrition rates for varying
durations of interventions
4) theory-based content and
measure the effects of those
mediators
5) effectivity of social support
6) validate self-report measures
against device-measured
outcomes of PA
7) match the PA assessment
method to the stated goals and
outcomes of the intervention











Programme of the Public Health
Resource Unit
1) bypass self-report
2) sex specific interventions
3) involve support persons (e.g.
parents or peers) and analyze
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4) integrate into existing school
curriculum











based on the critical appraisal





2) address bias incorporated with
self-reporting methods
3) utilize theoretical foundation
for eHealth interventions
4) relationship of confounding
facets to effectiveness
5) conduct power analysis of
studies
6) scale up interventions
Muellemann
















19/20 (95%) moderate to
high
1) eHealth interventions vs
non-eHealth interventions
promoting PA in older adults













tool for assessing risk of
bias
Risk of bias rating:
majority of the studies





1) longer follow-up in
intervention
2) secondary outcomes (e.g.)
weight and indicators of
cardiovascular health)
3) focus primarily on vegetables
4) combine efficacious strategies
and repeat exposure at a later date
5) develop validated tools for
measuring vegetable intake in
young adults
6) quantify a serving of vegetables
7) implement Biomarkers (e.g.
vitamin C and beta-carotene)
8) more diverse samples
9) cost effectiveness for upscaling
interventions




1999 to July 2018
(1999–2017)
eHealth interventions: mobile
devices (apps, text messages






guided by the Cochrane’s





1) tailor based on distal correlates
and proximal determinants of
dietary habits
2) link the types of BCTs implemented
in the eHealth interventions to effectiveness
3) develop validated tools for
measuring FVI
4) report intervention components
and outcomes in greater detail
5) use of the CALO-RE taxonomy





















1) test the efficacy of specific
app features and BCTs
2) efficacy of stand-alone app
intervention vs multi-component
app interventions
3) efficacy of app vs website,
print-based and face-to-face
interventions
4) utilize larger sample sizes
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months, three studies) showed no significant mean re-
duction with a low heterogeneity (− 1.65 min/day, 95%
CI [− 14.77, 11.47], I2 = 23%; n = 670).
HE
HE (i.e. FVI, vegetable intake, and healthy dietary
choices) was assessed by one systematic review (HE out-
come in 13 studies) [57] and two meta-analyses (HE out-
come in 33 studies, focus on FVI) [54, 55]. All of the 46
studies included in these reviews used self-reported re-
sults, 10 of which were not validated.
The systematic review concerning HE did not report
group differences or did not involve a control group for
1/13 studies. The remaining 12 studies found a signifi-
cant group difference in favor of the intervention group
in 2/12 (17%) studies, a temporary significant group dif-
ference in favor of the intervention group in 3/12 (25%)
studies and 7/12 (58%) showed no significant differences
between the groups. One meta-analysis [54] included
young adults (M = 20.8 years) and showed a significant
increase in FVI (eight studies) calculated by a random
effect model with a small pooled Cohen’s d of 0.22 (95%
CI [0.11, 0.33]) and a substantial heterogeneity (I2 =
68.5%). Effects for vegetable intake alone were also
assessed (five studies) and the pooled effect showed a
negligible effect with low heterogeneity (Cohen’s d =
0.15, 95% CI [0.04, 0.28], I2 = 31.4%). The second meta-
analysis [55] included participants of all ages (4.5 to
57.75 years) and found a significant increase of FVI in
favor of the intervention group using a random effect
model with a small Hedge’s g and substantial between
study heterogeneity (g = 0.26, SE = 0.05, 95% CI [0.17,
0.35], I2 = 62.77). Subgroup analyses revealed that
computer-based (i.e. non-Internet based) eHealth inter-
ventions (three studies) showed the largest effect (g =
0.44), followed by SMS interventions (three studies) with
a Hedge’s g of 0.41, while internet-based interventions
(nine studies) showed a Hedge’s g of 0.19 and CD-ROM,
mobile apps and video game interventions (four studies)
showed no significant improvements. The subgroup ana-
lysis relating to age groups yielded no significant differ-
ences between adults (11 studies), adolescents (four
studies) and children (four studies). Interventions in-
cluding adults and adolescents showed significant im-
provements in favor of the intervention group with
Hedge’s g of 0.26 and 0.35 respectively, while interven-
tions conducted with children showed no significant
effects.
Determinants of effective interventions
The extraction of effect sizes regarding the influence of
theoretical foundation/BCTs, social influences and EMI/








mHealth/eHealth tools Quality of included studies Recommendations for
future research
5) tailor app interventions to
specific population groups with
high app usage (e.g., women,
young people)
6) report app usage statistics
using device and self-report
measures
7) optimal duration and
intensity of app interventions
























1) focus on attrition rates
2) improve reporting of BCTs
3) improve detection bias by using
objective measurement tools of SB
4) conduct extended follow-up
5) include outcome measures that
will be of interest to workplaces
and policy makers 6) use adaptive
interventions
Abbreviations: AMSTAR assessment of multiple systematic reviews, App smartphone application, BCT behavior change technique, CONSORT consolidated standards
of reporting trials, eHealth electronic health, FYI fruit and vegetable intake, mHealth mobile health, PA physical activity, SB sedentary behavior
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JITAs on the efficiency of e/mHealth interventions was
not feasible so that only descriptive results were reported
in this umbrella review (see Table 2).
Theoretical foundation and BCTs were mentioned
in all the included reviews [47–57]. One review [50]
related to PA noted that 5/5 (100%) studies based on
social cognitive theory led to significant differences
over time or vs. control compared to 1/2 (50%) for
theory of planned behavior and 1/1 (100%) showing a
temporary significant difference directly after the
intervention for transtheoretical model. Another re-
view concerning PA [49] also found theory-based in-
terventions more effective than those without a
theoretical foundation. A third review concerning PA
[56], which found that 6/9 (67%) theory-based inter-
ventions showed significant improvements of the
intervention group over time or vs. control, while
only 2/5 (40%) without a theoretical foundation led to
such improvements, is in line with these findings.
The inclusion of BCTs was associated with higher ef-
fectiveness of PA, SB and HE interventions in one re-
view [57]. However, the question which BCTs are
linked to effectiveness has not been answered by this
review. Two meta-analyses [48, 52] reported the usage
of BCTs for PA and SB interventions, but did not
link the use of BCTs to effectiveness due to the small
number of studies included. For healthy eating behav-
ior, the use of BCTs was one key component of suc-
cessful interventions, while the impact of using
multiple BCTs remained unclear [54]. Further, a more
recent meta-analysis [55] revealed that the inclusion
of seven to eight BCTs (four studies) resulted in a
statistically significant larger effect size (SMD = 0.42,
SE = 0.10, 95% CI [0.21, 0.62], p < .001) than those in-
volving four to six BCTs (seven studies) and one to
three BCTs (seven studies). In a next step, the meta-
analysis found no statistically evidence for specific
BCTs yielding larger effect sizes.
The influence of a social settings concerning effective-
ness has not been reported in detail by the included re-
views and two reviews [56, 57] reported on the matter at
all. The integration of eHealth interventions in school
settings was reported to lead more often (6/9, 67%) to
positive effects on PA or weight reduction in comparison
to home-based interventions (2/5, 40%) [56]. Another
possible influence on effectiveness mentioned in this re-
view was parental influence [56]. The second review
about mHealth interventions points out that efficient in-
terventions often include social support related to peers
and friendly team challenges among many other facets
[57]. However, since both reviews did not report effect
sizes, and there were a variety of other possible facets
contributing to effectiveness, the magnitude of the po-
tential influence for social settings remains unclear.
Since none of the reviews reported the use of EMI/
JITAIs, the question concerning their effectiveness has
to be left unanswered by this umbrella review.
Study quality
Mean study quality of the included reviews as assessed
by the AMSTAR tool [44] (maximum score 11, score
ratings: low = 0–3, medium = 4–7 and high = 8–11 [58])
was medium (M = 5,9/11) while one review scored high
(9/11) [54]. None of the included reviews reported the
conflict of interest of the included studies and only one
review provided a list of all included and excluded stud-
ies [54]. For the score of every criterion see Add-
itional file 2. Risk of bias ratings conducted by the
authors of the included reviews was mainly medium to
high with some studies of low risk (see Table 3).
Discussion
This umbrella review provided an overview of e/
mHealth interventions concerning PA, SB and HE for
primary prevention with a special focus on potentially
important facets and their contribution to intervention
effectiveness. To avoid an overwhelming heterogeneity
in the included reviews, these facets have been pre-
defined based on the current literature and previous um-
brella reviews as theoretical foundation, BCTs, social
context and the use of JITAI/EMI. To the best of our
knowledge, this umbrella review is the first to systemat-
ically analyze the potential impact for those predefined
facets.
Effectiveness of e/mHealth interventions
Overall, findings of this umbrella review suggested that a
majority (59%) of e/mHealth interventions were effective
(including interventions eliciting short-term effects and
interventions without control-group comparison). Since
multiple studies reported a high heterogeneity (with low
to high quality ratings), this result has to be interpreted
with caution. Results of the systematic reviews including
a control-group indicated that PA interventions were
more often effective (48%) than interventions concerning
HE (42%) and SB (22%). However, more than 50% of
these effects for PA and HE interventions were only
temporary and one SB study outcome (11%) was even in
favor of the control group. In contrast to systematic re-
views, quantitative findings of the included meta-
analyses did not indicate any significant benefit for PA
while SB and HE interventions showed significant small
effects. A reason for the lack of effectiveness in the only
meta-analysis concerning PA [52] may be that solely one
original research study included a true control group
and e/mHealth to usual/minimal care. Furthermore, the
post hoc exploratory sensitivity analysis displayed two of
the included studies as being the main reason for
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heterogeneity in this meta-analysis. After removal of
these studies, results indicated a small but significant ef-
fect for MVPA (but none for total PA) and thereby par-
tially support the findings of the systematic reviews that
e/mHealth interventions can be effective tools to change
all three health behaviors.
One facet which could have influenced the results of
this umbrella review is the use of different assessment
methods in the studies, as self-report measures are com-
monly reported to overestimate PA compared to sensor-
based PA [59]. Considering the fact that some studies
even used non-validated self-report tools in PA, SB and
HE interventions, these facets could have highly influ-
enced findings. In the present umbrella review, the com-
parison of self-reported and device-measured outcomes
showed no significant differences for PA and SB in one
meta-analysis [52], and another meta-analysis reported
lower heterogeneity and a descriptive difference of SB
reduction for device-measured results [48]. While all
other reviews reported on the use of self-reported and
device-measured results, the examination of influence
on effectiveness has not been conducted and thus no as-
sumptions about a potential impact of the measuring
method could be made. However, examining the impact
of the measurement method could be important, since
self-reported and device-measured results often differ
concerning the construct (e.g. measuring habitual PA or
sport related PA) and the time epoch (e.g. regular/last
week/month PA recall via questionnaire or measured
PA during a defined time via accelerometry) [59]. Fur-
thermore, the earliest study included in the reviews was
published in 1997 and the complexity and capacity of
sensors evolved rapidly since that time [60], allowing for
more precise measurements and the combination of PA
data with physiological parameters like heartrate or
blood sugar [61]. This potential influence of different
sensors on intervention effectiveness however, has not
been considered in the reviews. Future reviews should
specifically compare results derived by self-reports to
device-measured outcomes and assess the impact of the
complexity of sensors in order to further investigate the
true impact of assessment methods and ease the inter-
pretation of results.
The sustainability of intervention effects was reported
to be low in the reviews for PA and HE, and quantifica-
tion of one meta-analysis [48] showed that the effects of
SB interventions diminish after 6 months, which is in ac-
cordance with other research [18]. Intervention duration
and engagement are also important facets influencing
intervention effectiveness [62], but the influence remains
unclear due to a lack of reporting by the included re-
views. Future reviews should consider this link, espe-
cially if they are comparing sustainability of intervention
effects over time.
The use of eHealth compared to mHealth might also
influence the effectiveness. However, results are incon-
clusive since most reviews did only assess the interven-
tion type but not compare the impact on effectiveness.
One meta-analysis [52] which quantified the results
found computer-based interventions to cause superior
effectiveness compared to web- and app-based interven-
tions. However, since mHealth is a more recent develop-
ment and the amount of evidence is limited, this trend
might be modified with more sophisticated approaches
and more study results in the future [63]. There is a
clear need to include the comparison of effectiveness
across devices in PA and SB interventions along with the
influence of the age of participants in order to enhance
and specify future interventions.
Influence of theoretical foundation, BCT, social aspects
and JITAIs on effectiveness
The diversity of results supported the importance to con-
sider the underlying mechanisms for effective e/mHealth
interventions in order to further develop the field of digital
behavior change in general and in the area of primary pre-
vention in particular.
The use of BCTs as a sub-section of theoretical foun-
dation provided the most distinct picture and was highly
associated with effective interventions for PA, SB and
HE interventions in one systematic review [57]. This
finding was further supported by the two meta-analyses
concerning HE [54, 55]. The use of more BCTs en-
hanced intervention effectiveness for HE, whereas the
impact of specific BCTs or combinations of BCTs re-
mains unknown [55], which has been a common finding
in reviews on HE interventions [64]. The meta-analyses
concerning PA and SB did not report the impact of
BCTs on effectiveness which should be addressed by fu-
ture research. Support for the use of a theoretical foun-
dation for effective e/mHealth interventions concerning
PA was found in three reviews [49, 50, 56], and there
were indications that social cognitive theory might be es-
pecially effective [50]. The overall higher effectiveness
for theoretical founded interventions supported the find-
ings of a previous review about internet interventions
(not focused on primary prevention) [23] but in contrast
to our results, the theory of planned behavior was found
to be more effective than social cognitive theory. Since
direct comparisons of theory vs. no theory in the in-
cluded reviews were scarce and only descriptive, there is
a need for further investigation and better documenta-
tion of theoretical backgrounds in intervention studies
in order to draw a clear conclusion. The lack of report-
ing regarding the impact of theoretical foundation on ef-
fectiveness for SB and HE should additionally be
addressed by further research. A further aspect to con-
sider in future studies is the compatibility of static
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behavior change theories to the technological advances
which has not been addressed by the included reviews.
While dynamically changing theories like the adapted
versions of the Theory of Planned Behavior [65] or the
Social Cognitive Theory [66] has been promoted in the
development of JITAIs [31] the impact on intervention
effectiveness should be assessed in future interventions.
In contrast to the potential impact of theoretical foun-
dation and BCTs, most reviews did neither report nor
analyze the association of embedding interventions into
social contexts (e.g. involving family, peers or co-
workers in the intervention) and intervention effective-
ness. Only three reviews [51, 56, 57] reported on that
matter, but were unable to specify the influence due to a
small sample and/or multiple other parameters linked to
effectiveness. The importance of getting a better impres-
sion of social influences should however not be underes-
timated in order to conduct effective interventions in
the future [67]. Including social facets can have an es-
sential influence on intervention effectiveness and
should be considered in future research [68]. Further-
more, intervention designs comparing e/mHealth inter-
ventions with clearly defined and controlled social
contexts (e.g. social comparison, cooperative ap-
proaches) might help to gain evidence on the impact of
social context.
No mention at all was found for the use of EMI/JITAI
in this umbrella review. With the possibility to tailor and
to continually adapt interventions to each person’s
needs, as well as to deliver support at the most promis-
ing moment, there is a clear need for examination of this
important field in the future [28–30].
Strengths and limitations
The main strengths of this umbrella review consisted in
summarizing the knowledge about the impact of mul-
tiple facets of effective behavior change interventions,
derived from current literature, on effectiveness. Follow-
ing a pre-registered protocol and systematically summar-
izing the evidence on the effectiveness of e/mHealth
interventions in primary prevention ensured a replicable
approach. Using a systematic search with pre-defined
terms, following the PRISMA guidelines for reporting
and using AMSTAR for quality assessment thereby en-
hanced the transparency of the results. The inclusion of
systematic reviews and meta-analyses following PRISMA
guidelines ensured a solid foundation of higher quality
reviews and a systematic reporting of the original re-
search results.
Nonetheless, there are several limitations concerning
the current umbrella review that need to be considered.
First, the results of this umbrella review highly depended
on the detailed reporting of the desired parameters in
the reviews. Even if the original research studies
reported on the issue but the reviews did not, the result
has not been considered for this umbrella review. Even
though the included reviews had to follow the PRISMA
statement themselves, the quality of reviews was
medium with a high discrepancy of included original re-
search studies ranging from low to high scores and in-
cluding several non-RCT studies. This might have
impacted the conclusions of this umbrella review as well.
The fact that 13 publications were included twice or
more might also bias the evidence since those studies
get a higher impact on the overall results. Finally, im-
portant studies might not be included in any review art-
icle yet since the conduction and publication of reviews
produces a certain time lag compared to the present
evidence.
Implications for practice and research
Results of this umbrella review can serve as a theoretical
basis to conduct both, original research and review arti-
cles in the field of primary prevention using e/mHealth.
Researchers should address the main research gaps,
namely the impact of different theoretical foundations
for interventions in different contexts, the adequate
amount and types of BCTs, the impact of social context
and enhancing interventions with JITAIs, by conducting
original research studies or especially focused reviews
to close research gaps. For practitioners, we recom-
mend to implement theoretical foundation and BCTs
to their e/mHealth interventions in order to enhance
intervention effectiveness. Furthermore, e/mHealth in-
terventions should be adapted once further evidence
emerges in order to maximize the usefulness of this
fast-changing field of behavior change.
Future directions
Even though the included reviews were conducted over
the course of nearly a decade and thus represent differ-
ent stages of e/mHealth tools, recommendations for fu-
ture research given by the authors of the included
reviews have a lot in common (for more details see
Table 3). Based on these recommendations, a clear need
for PA and SB studies is stated to bypass self-report and
use validated and comparable device-measured out-
comes instead [47, 48, 50, 51, 53–56]. Mainly including
device-measured outcomes will lead to a more compre-
hensive picture of intervention effectiveness even though
other challenges arise from that approach (e.g. compari-
son of different epoch lengths [69]). The most promising
aspect of device-measured outcomes and accelerometry
in particular is the assessment of valid PA and SB data
in real-time, resulting in a variety of outcome parameters
which have the potential to be easily compared through-
out different studies [60]. While device-measured assess-
ments for HE are rarely used (but becoming more and
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more available [70]), HE interventions should only in-
clude validated tools and be aware of the advantages of
each assessment to ensure the quality of results [71].
In order to analyze the influences of different interven-
tion aspects on effectiveness, a uniform and full report-
ing of the intervention components (theoretical
foundation, BCTs, social aspects, etc.), methods and out-
comes is needed [48, 51–53, 55, 57]. Additionally, an ex-
ploration of the adequate dose and length of
interventions [47, 48, 51, 52, 54, 57], the influence of
social support [47, 50, 51, 56, 57] as well as individual
tailoring (e.g. using JITAIs to deliver sex-, age- or
BMI-specific interventions adapting to personal prefer-
ences) [47, 55–57] is needed for a better understanding
of the determinants of effectiveness. Here, machine
learning principles can enhance intervention effective-
ness by allowing a highly personalized adaptation to
the users’ needs and environmental requirements [31].
Future e/mHealth studies for behavior change should
also conduct a priori power analyzes to include appropriate
sample sizes in order to enhance the value of the results
[47, 50, 53, 57] and assess cost-effectiveness [47, 52, 54].
Conclusions
In summary, e/mHealth interventions can be effective
tools for primary prevention in behavior change of PA,
SB and HE, but the evidence for effectiveness is still lim-
ited. Theoretical foundation and the use of BCTs are
promising determinants of effectiveness. However, there
is still a research gap which theory and which BCTs are
the most promising for primary prevention and for the
inclusion of social contexts, JITAIs and other facets like
the optimal dose and length of interventions. Therefore,
future studies should limit methodological issues (e.g.
non-validated tools) and use appropriate assessments
(depending on the outcome variable of choice), and a
more comprehensive and standardized way of reporting.
In doing so, the benefit of the main advantages of e/
mHealth, namely the large coverage, potential cost ef-
fectiveness and high adaptability to individual prefer-
ences and environmental facets, can be utilized to
enhance behavior change in primary prevention.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/1
0.1186/s12889-020-09700-7 .
Additional file 1. Detailed search history for all databases.
Additional file 2. AMSTAR score of every criterion.
Abbreviations
AMSTAR: Assessment of multiple systematic reviews; CI: Confidence interval;
eHealth: Electronic health; EMI: Ecological momentary intervention;
HE: Healthy eating; FVI: Fruit and vegetable intake; JITAIs: Just-in-time
adaptive interventions; mHealth: Mobile health; min: Minutes;
MVPA: Moderate to vigorous physical activity; PA: Physical activity; PRIS
MA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
PROSPERO: International prospective register of systematic reviews;
RCT: Randomized control trial; SB: Sedentary behavior; SMD: Standardized
mean differences
Acknowledgements
We thank Cornelia Schermer for supporting with the quality assessment and
data extraction. We also thank Darko Jekauc and Janina Krell-Rösch for their
valuable support.
Authors’ contributions
JF, TE & KW conducted the literature search. JF and a research assistant
extracted the data. Interpretation of the data, and conducting of the first
draft of the manuscript was done by JF with valuable comments from TE &
KW. TE, KW & AW revised the manuscript. The author(s) read and approved
the final manuscript.
Funding
This research was supported by the Federal Ministry of Education and
Research within the project SMARTACT. BMBF Grant: FKZ 01EL1820A. The
publication charges were supported by the KIT-Publication Fund of the Karls-
ruhe Institute of Technology. The funding sources played no role in the
development of study design analysis and interpretation. Open Access fund-
ing enabled and organized by Projekt DEAL.
Availability of data and materials
All relevant data output can be found in supplementary material online. If







No competing interest was declared.
Received: 1 July 2020 Accepted: 14 October 2020
References
1. World Health Organization. Global Health Estimates 2016. 2018. https://
www.who.int/healthinfo/global_burden_disease/estimates/en/. Accessed 8
May 2020.
2. Blair SN. Physical inactivity: the biggest public health problem of the 21st
century. Br J Sports Med. 2009;73:1–2.
3. Moore LV, Thompson FE. Adults meeting fruit and vegetable intake
recommendations—United States, 2013. MMWR Morb Mortal Wkly Rep.
2015;64:706.
4. Woll A, Kurth B-M, Opper E, Worth A, Bös K. The 'Motorik-Modul' (MoMo):
physical fitness and physical activity in German children and adolescents.
Eur J Pediatr. 2011;170:1129–42. https://doi.org/10.1007/s00431-010-1391-4 .
5. Nielsen SJ, Rossen LM, Harris DM, Ogden Cynthia L. Fruit and vegetable
consumption of U.S. youth. NCHS data brief, no 156. Hyattsville. 2009–2010;
2014.
6. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, et al. Fruit
and vegetable intake and the risk of cardiovascular disease, total cancer and
all-cause mortality-a systematic review and dose-response meta-analysis of
prospective studies. Int J Epidemiol. 2017;46:1029–56. https://doi.org/10.
1093/ije/dyw319 .
7. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev. 2010;
38:105–13. https://doi.org/10.1097/JES.0b013e3181e373a2 .
8. Tremblay, Mark S., LeBlanc AG, Kho, Michelle E., Saunders, Travis J., Larouche
R, Colley, Rachel, C., et al. Systematic review of sedentary behaviour and
health indicators in school-aged children and youth. Int J Behav Nutr Phys
Act. 2011. doi:https://doi.org/10.1186/1479-5868-8-98 .
Fiedler et al. BMC Public Health         (2020) 20:1605 Page 19 of 21
9. World Health Organization. Global status report on noncommunicable
diseases 2014. Geneva: World Health Organization; 2014.
10. Baird J, Jacob C, Barker M, Fall CHD, Hanson M, Harvey NC, et al.
Developmental Origins of Health and Disease: A Lifecourse Approach to the
Prevention of Non-Communicable Diseases. Healthcare (Basel, Switzerland)
2017. doi:https://doi.org/10.3390/healthcare5010014 .
11. World Health Organization. eHealth at WHO. 19.3.2020. https://www.who.
int/ehealth/en/. Accessed 19 Mar 2020.
12. World Health Organization. mHealth: second global survey on eHealth.
Geneva: World Health Organization; 2011.
13. Global digital population 2020 | Statista. 2020, April. https://www.statista.
com/statistics/617136/digital-population-worldwide/. Accessed 5 July 2020.
14. Naszay M, Stockinger A, Jungwirth D, Haluza D. Digital age and the public
eHealth perspective: prevailing health app use among Austrian internet
users. Inform Health Soc Care. 2018;43:390–400. https://doi.org/10.1080/
17538157.2017.1399131 .
15. McClung HL, Ptomey LT, Shook RP, Aggarwal A, Gorczyca AM, Sazonov ES,
et al. Dietary intake and physical activity assessment: current tools,
techniques, and Technologies for use in adult populations. Am J Prev Med.
2018;55:e93–e104. https://doi.org/10.1016/j.amepre.2018.06.011 .
16. Ryan RM. Deci, Edward, L. self-determination theory and the facilitation of
intrinsic motivation, social development, and well-being. Am Psychol. 2000;
55:68.
17. Ajzen E. The theory of planned behavior. Organ Behav Hum Decis Process.
1991;50:179–211.
18. Prochaska, James O., and Wayne, F. Velicer. The transtheoretical model of
health behavior change. Am J Health Promot. 1997;12:38–48.
19. Bandura A. Human agency in social cognitive theory. Am Psychol. 1989;44:
1175.
20. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
et al. The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the reporting
of behavior change interventions. Ann Behav Med. 2013;46:81–95. https://
doi.org/10.1007/s12160-013-9486-6 .
21. Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A
refined taxonomy of behaviour change techniques to help people change
their physical activity and healthy eating behaviours: the CALO-RE
taxonomy. Psychol Health. 2011;26:1479–98. https://doi.org/10.1080/
08870446.2010.540664 .
22. Prestwich A, Sniehotta FF, Whittington C, Dombrowski SU, Rogers L, Michie
S. Does theory influence the effectiveness of health behavior interventions?
Meta-analysis Health Psychol. 2014;33:465–74. https://doi.org/10.1037/
a0032853 .
23. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote
health behavior change: a systematic review and meta-analysis of the
impact of theoretical basis, use of behavior change techniques, and mode
of delivery on efficacy. J Med Internet Res. 2010;12:e4. https://doi.org/10.
2196/jmir.1376 .
24. Umberson D, Crosnoe R, Reczek C. Social relationships and health behavior
across life course. Annu Rev Sociol. 2010;36:139–57. https://doi.org/10.1146/
annurev-soc-070308-120011 .
25. Morrison LG, Yardley L, Powell J, Michie S. What design features are used in
effective e-health interventions? A review using techniques from critical
interpretive synthesis. Telemed J E Health. 2012;18:137–44. https://doi.org/
10.1089/tmj.2011.0062 .
26. Glanz K, Rimer BK, Viswanath K, editors. Health behavior and health
education: theory, research, and practice: John Wiley & Sons; 2008.
27. Viner RM, Ozer EM, Denny S, Marmot M, Resnick M, Fatusi A, Currie C.
Adolescence and the social determinants of health. Lancet. 2012;379:1641–
52. https://doi.org/10.1016/S0140-6736(12)60149-4 .
28. Schembre SM, Liao Y, Robertson MC, Dunton GF, Kerr J, Haffey ME, et al.
Just-in-time feedback in diet and physical activity interventions: systematic
review and practical design framework. J Med Internet Res. 2018;20:e106.
https://doi.org/10.2196/jmir.8701 .
29. Hardeman W, Houghton J, Lane K, Jones A, Naughton F. A systematic
review of just-in-time adaptive interventions (JITAIs) to promote physical
activity. Int J Behav Nutr Phys Act. 2019;16:31. https://doi.org/10.1186/
s12966-019-0792-7 .
30. Heron KE, Smyth JM. Ecological momentary interventions: incorporating
mobile technology into psychosocial and health behaviour treatments. Br J
Health Psychol. 2010;15:1–39. https://doi.org/10.1348/135910709X466063 .
31. Gonul S, Namli T, Huisman S, Laleci Erturkmen GB, Toroslu IH, Cosar A. An
expandable approach for design and personalization of digital, just-in-time
adaptive interventions. J Am Med Inform Assoc. 2019;26:198–210. https://
doi.org/10.1093/jamia/ocy160 .
32. Marcolino MS, Oliveira JAQ, D'Agostino M, Ribeiro AL, Alkmim MBM, Novillo-
Ortiz D. The impact of mHealth interventions: systematic review of
systematic reviews. JMIR Mhealth Uhealth. 2018;6:e23. https://doi.org/10.
2196/mhealth.8873 .
33. Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a
systematic review of reviews. Annu Rev Public Health. 2015;36:393–415.
https://doi.org/10.1146/annurev-publhealth-031914-122855 .
34. Hood M, Wilson R, Corsica J, Bradley L, Chirinos D, Vivo A. What do we know
about mobile applications for diabetes self-management? A review of reviews.
J Behav Med. 2016;39:981–94. https://doi.org/10.1007/s10865-016-9765-3 .
35. Kitsiou S, Paré G, Jaana M, Gerber B. Effectiveness of mHealth interventions
for patients with diabetes: an overview of systematic reviews. PLoS One.
2017;12:e0173160. https://doi.org/10.1371/journal.pone.0173160 .
36. Bertoncello C, Colucci M, Baldovin T, Buja A, Baldo V. How does it work?
Factors involved in telemedicine home-interventions effectiveness: A review
of reviews PLoS One. 2018;13:e0207332. https://doi.org/10.1371/journal.
pone.0207332 .
37. Ross J, Stevenson F, Lau R, Murray E. Factors that influence the
implementation of e-health: a systematic review of systematic reviews (an
update). Implement Sci. 2016;11:146. https://doi.org/10.1186/s13012-016-0510-7 .
38. Brand T, Pischke CR, Steenbock B, Schoenbach J, Poettgen S, Samkange-
Zeeb F, Zeeb H. What works in community-based interventions promoting
physical activity and healthy eating? A review of reviews. Int J Environ Res
Public Health. 2014;11:5866–88. https://doi.org/10.3390/ijerph110605866 .
39. dos Santos PC, Barbosa Filho VC, da Silva JA. Bandeira AdS, Minatto G, da
Silva KS. What works in sedentary behavior interventions for youth: a review
of reviews. Adolescent Res Rev. 2019;4:267–92. https://doi.org/10.1007/
s40894-018-0105-4 .
40. Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH,
Schwarz P. Systematic review of reviews of intervention components
associated with increased effectiveness in dietary and physical activity
interventions. BMC Public Health. 2011;11:1–12. https://doi.org/10.1186/
1471-2458-11-119 .
41. Biddle SJH, Petrolini I, Pearson N. Interventions designed to reduce
sedentary behaviours in young people: a review of reviews. Br J Sports Med.
2014;48:182–6. https://doi.org/10.1136/bjsports-2013-093078 .
42. Fusar-Poli P, Radua J. Ten simple rules for conducting umbrella reviews. Evid
Based Ment Health. 2018;21:95–100. https://doi.org/10.1136/ebmental-2018-
300014 .
43. Moher D, Liberati A, Tatzlaff J, Altman DG. Prisma group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement Ann
Intern Med. 2009;151:264–9.
44. Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al.
Development of AMSTAR: a measurement tool to assess the
methodological quality of systematic reviews. BMC Med Res Methodol.
2007;7:10. https://doi.org/10.1186/1471-2288-7-10 .
45. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Second
Edition. Hillsdale: Erlbaum; 1988.
46. Deeks, Jonathan J, Higgins Julian PT, Altman Douglas G and Cochrane
Statistical Methods Group. Chapter 10: Analysing data and undertaking
meta-analyses. 2019. https://training.cochrane.org/handbook/current/
chapter-10. Accessed 23 Apr 2020.
47. Böhm B, Karwiese SD, Böhm H, Oberhoffer R. Effects of mobile health
including wearable activity trackers to increase physical activity outcomes
among healthy children and adolescents: systematic review. JMIR Mhealth
Uhealth. 2019;7:e8298. https://doi.org/10.2196/mhealth.8298 .
48. Stephenson A, McDonough SM, Murphy MH, Nugent CD, Mair JL. Using
computer, mobile and wearable technology enhanced interventions to
reduce sedentary behaviour: a systematic review and meta-analysis. Int J
Behav Nutr Phys Act. 2017. https://doi.org/10.1186/s12966-017-0561-4 .
49. Muellmann S, Forberger S, Moellers T, Broering E, Zeeb H, Pischke CR.
Effectiveness of eHealth interventions for the promotion of physical activity
in older adults: a systematic review. Prev Med. 2018;108:93–110. https://doi.
org/10.1016/j.ypmed.2017.12.026 .
50. McIntosh JRD, Jay S, Hadden N, Whittaker PJ. Do E-health interventions
improve physical activity in young people: a systematic review. Public
Health. 2017;148:140–8. https://doi.org/10.1016/j.puhe.2017.04.001 .
Fiedler et al. BMC Public Health         (2020) 20:1605 Page 20 of 21
51. Ferrer DA, Ellis R. A review of physical activity interventions delivered via
Facebook. J Phys Act Health. 2017;14:823–33. https://doi.org/10.1123/jpah.
2016-0534 .
52. Direito A, Carraca E, Rawstorn J, Whittaker R, Maddison R. mHealth
technologies to influence physical activity and sedentary behaviors:
behavior change techniques, systematic review and meta-analysis of
randomized controlled trials. Ann Behav Med. 2017;51:226–39. https://doi.
org/10.1007/s12160-016-9846-0 .
53. Buckingham SA, Williams AJ, Morrissey K, Price L, Harrison J. Mobile health
interventions to promote physical activity and reduce sedentary behaviour
in the workplace: a systematic review. Digit Health. 2019;5:1–50. https://doi.
org/10.1177/2055207619839883 .
54. Nour M, Chen J, Allman-Farinelli M. Efficacy and external validity of
electronic and Mobile phone-based interventions promoting vegetable
intake in young adults: systematic review and meta-analysis. J Med Internet
Res. 2016. https://doi.org/10.2196/jmir.5082 .
55. Rocha NPR, Kim H. eHealth interventions for fruit and vegetable intake: a
meta-analysis of effectiveness. Health Educ Behav. 2019. https://doi.org/10.
1177/1090198119859396 .
56. Hamel LM, Robbins LB, Wilbur J. Computer- and web-based interventions to
increase preadolescent and adolescent physical activity: a systematic review. J
Adv Nurs. 2011;67:251–68. https://doi.org/10.1111/j.1365-2648.2010.05493.x .
57. Schoeppe S, Alley S, van Lippevelde W, Bray NA, Williams SL, Duncan MJ,
Vandelanotte C. Efficacy of interventions that use apps to improve diet,
physical activity and sedentary behaviour: a systematic review. Int J Behav
Nutr Phys Act. 2016. https://doi.org/10.1186/s12966-016-0454-y .
58. Sharif MO, Janjua-Sharif FN, Hesham A, Farooq A. Systematic reviews
explained: AMSTAR—how to tell the good from the bad and the ugly. Oral
Health Dent Manag. 2013;12:9–16.
59. Dyrstad SM, Hansen BH, Holme IM, Anderssen SA. Comparison of self-
reported versus accelerometer-measured physical activity. Med Sci Sports
Exerc. 2014;46:99–106. https://doi.org/10.1249/MSS.0b013e3182a0595f .
60. Burchartz A, Anedda B, Auerswald T, Giurgiu M, Hill H, Ketelhut S, et al.
Assessing physical behavior through accelerometry – state of the science,
best practices and future directions. Psychol Sport Exerc. 2020;49:101703.
https://doi.org/10.1016/j.psychsport.2020.101703 .
61. Reichert M, Giurgiu M, Koch E, Wieland LM, Lautenbach S, Neubauer AB,
et al. Ambulatory assessment for physical activity research: state of the
science, best practices and future directions. Psychol Sport Exerc. 2020.
https://doi.org/10.1016/j.psychsport.2020.101742 .
62. Vandelanotte C, Spathonis KM, Eakin EG, Owen N. Website-delivered
physical activity interventions a review of the literature. Am J Prev Med.
2007;33:54–64. https://doi.org/10.1016/j.amepre.2007.02.041 .
63. Vandelanotte C, Müller AM, Short CE, Hingle M, Nathan N, Williams SL, et al.
Past, present, and future of eHealth and mHealth research to improve
physical activity and dietary behaviors. J Nutr Educ Behav. 2016;48:219–28.
https://doi.org/10.1016/j.jneb.2015.12.006 .
64. Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effectiveness of
app-based mobile interventions on nutrition behaviours and nutrition-
related health outcomes: a systematic review and meta-analysis. Obes Rev.
2019;20:1465–84. https://doi.org/10.1111/obr.12903 .
65. Navarro-Barrientos J-E, Rivera DE, Collins LM. A dynamical model for
describing behavioural interventions for weight loss and body composition
change. Math Comput Model Dyn Syst. 2011;17:183–203. https://doi.org/10.
1080/13873954.2010.520409 .
66. Martin CA, Rivera DE, Riley WT, Hekler EB, Buman MP, Adams MA, King AC.
A dynamical systems model of social cognitive theory. In: Piscataway, NJ:
IEEE; 2014. doi:https://doi.org/10.1109/acc.2014.6859463 .
67. Bandura A. Health promotion from the perspective of social cognitive
theory. Psychol Health. 1998;13:623–49. https://doi.org/10.1080/
08870449808407422 .
68. Wunsch K, Eckert T, Fiedler J, Cleven L, Niermann C, Reiterer H, et al. SMAR
TFAMILY: A randomized-controlled trial on a collective family-based mobile
health intervention to promote physical activity and healthy eating
(Preprint). JMIR Res Protoc. under review. doi:https://doi.org/10.2196/
preprints.20534 .
69. Fabre N, Lhuisset L, Bernal C, Bois J. Effect of epoch length on intensity
classification and on accuracy of measurement under controlled conditions
on treadmill: towards a better understanding of accelerometer
measurement. PLoS One. 2020;15:e0227740. https://doi.org/10.1371/journal.
pone.0227740 .
70. Bandodkar AJ, Wang J. Non-invasive wearable electrochemical sensors: a
review. Trends Biotechnol. 2014;32:363–71. https://doi.org/10.1016/j.tibtech.
2014.04.005 .
71. Rollo ME, Williams RL, Burrows T, Kirkpatrick SI, Bucher T, Collins CE. What
are they really eating? A review on new approaches to dietary intake
assessment and validation. Curr Nutr Rep. 2016;5:307–14. https://doi.org/10.
1007/s13668-016-0182-6 .
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Fiedler et al. BMC Public Health         (2020) 20:1605 Page 21 of 21
